Abstract: Increased incidence of upper cervical metastases and higher life expectancy resulted in higher operative rates in patients. The purpose of this study was to explore the methods and the clinical outcomes of palliative surgery for cervical spinal metastases.
INTRODUCTION

S
pine is the most common location for cancer metastasis in the skeletal system, and occurs in approximately 33% of the metastatic cancer patients. 1 In the skeletal system, most metastases are located in the thoracic and lumbar segments, whereas cervical metastatic cancer only constitutes 8% to 20% of the metastatic spine disease cases, 2, 3 with less frequent occurrence of upper cervical spine metastases. However, there are over 1.5 million newly diagnosed cancer cases each year, and metastatic lesions within the cervical spine are not uncommon, with an average survival time of 3 to 18 months. 4, 5 Lung, prostate, and breast carcinomas are the 3 main tumors that metastasize to the spine. 6, 7 The most common symptom of upper cervical metastasis is localized nonmechanical pain. 8, 9 The other symptoms include mechanical pain 10 and neurologic dysfunction. 11, 12 Nonmechanical pain occurs in approximately 89% to 93% of patients, 8, 9, 13 does not have any relationship with daily activities, and worsens in the night. In contrast, mechanical pain is exacerbated by instability of the upper cervical spine and relieved by stabilization. Traditionally, surgical intervention is not generally recommended for patients with cervical metastases, because operative outcomes outweigh its benefits.
14 During the past decades, instrumentation for the upper cervical spine has undergone tremendous advancements, which has transformed from wire fixation and external immobilization to screw and rod fixation techniques. 15 These advances have helped surgeons handle increasingly complicated upper cervical spine conditions, including cervical metastasis.
In the recent years, we have been able to recommend an aggressive surgical intervention for patients with cervical metastases who satisfied the criteria for surgical eligibility. These criteria were an expected survival time of more than 3 months, better function, and prolonged survival after surgery. [16] [17] [18] [19] The main goals of palliative surgery for cervical spinal metastases are to relieve pain, decompress the spinal cord, restore spinal stability, and achieve a definitive pathological diagnosis. In the present study, we described the cases of patients who underwent cervical palliative surgery for a known painful upper cervical spine metastasis.
PATIENTS AND METHODS
Case Series
A retrospective review of 15 cases was performed at the Union Hospital for Orthopedics. All patients who underwent palliative surgery for upper cervical spine metastasis, C1, C2, or C3, between 2009 and 2015 were included. The inclusion criteria were intensive local or radiating pain caused by the instability in the cervical spine; failure to relieve symptoms by nonsurgical treatment; detection of metastatic lesions in the cervical spine causing paraplegia; severe nerve compression syndrome or compression neuropathy caused by the direct compression of the bone or fractured bone fragments; single metastasis to the upper cervical spine insensitive to chemotherapy or radiotherapy; and an expected survival time longer than 3 months. The exclusion criteria were patients who cannot tolerate surgery; malignant tumor with severe heart, lung, liver, or kidney disease; high fever, infection, or other serious complications; and an extensively widespread metastasis of malignant tumor with a survival period shorter than 3 months. The majority of the patients underwent surgery by single anterior or combined anterior and posterior approach. Patients with isolated cancer of the upper cervical spine were excluded from the study. This series included 9 men and 6 women with an average age of 55.8 years (range, 43-78 years). The primary cancers were lung cancer (7 cases), breast cancer (2 cases), gastrointestinal tract cancer (2 cases), and 1 case per liver, prostate, kidney, and thyroid cancer.
All involved patients presented with neck pain that could not be relieved with conservative treatment for more than 6 weeks. The average preoperative visual analog scale (VAS) score was 7.86 AE 1.72 (range, 4-10).
A thorough history and physical examination is valuable for focusing on the disease at a segmental level and assessing the neurologic deficits. Indications for surgical intervention are spinal instability, intractable pain, and neurologic dysfunction. Written informed consent was obtained from each patient before the operation.
Imaging
Imaging was performed and data were collected. X-ray is the basic imaging technique used for assessment. Computed tomography (CT) and magnetic resonance imaging (MRI) scans could provide important and beneficial supplementary information for diagnosis and evaluation of the bone metastases. CT scans provide more information on the involved bony lesions, the bony anatomy of the vertebra, the course of the vertebral arteries (VAs), and the dimensions of the pedicles. MRI is the gold standard for assessing spinal metastases, and is extremely sensitive and specific for pathological changes in the bone and the surrounding soft tissues. 4, 20 It can provide detailed information on the contents of the lesion, the surrounding soft tissues, and the spinal cord compression.
Procedures
All patients underwent palliative surgery under general anesthesia, including anterior tumor resection and internal fixation, posterior tumor resection and internal fixation, and combined anterior and posterior tumor resection and internal fixation. For the anterior procedures, a horizontal skin incision was made to expose the lesions, and the destroyed vertebral body and the adjacent intervertebral disc were removed. In cases of complete spinal cord decompression, bone graft fusion with titanium mesh cage and self-locked internal titanium plate fixation were used to achieve anterior column stability. For the posterior procedures, a posterior midline incision was made to expose the posterior structure of the occipitocervical area. After the resection of the lamina, the tumors inside and outside of the spinal canal were removed. The spinal cord, nerve root, and the VA must be carefully preserved during this operation. Either lateral mass or pedicle screws were implanted using the free-hand technique under the guidance of the intraoperative C-arm monitoring system for instrumented fixation and fusion. In patients with apparent instability of the upper cervical spine, skull traction must be performed before anesthesia. In addition, electromyography was recommended for monitoring-evoked potentials and somatosensory-evoked potentials, which could be helpful in the implantation of the instrumentation. 21 
Assessment Index
Postoperatively, clinical and radiological outcomes were obtained and assessed. Patients were evaluated 24 h after the operation, 2 weeks after discharge, and 1, 3, 6, and 12 months after the operation. The Japanese Orthopedic Association (JOA) score is a widely accepted method in the assessment of neurologic function for various cervical diseases, including clinical signs, subjective symptoms, and restriction of activities of daily living. The VAS score is used for the assessment of pain status before and after the operation. A score of 10 indicates maximal pain and 0 indicates the absence of pain. The clinical follow-up consisted of the JOA and the VAS scores. For the radiological follow-up, X-ray images were obtained every time.
RESULTS
Summary of Cases
All patients underwent palliative surgery for metastasis at the upper cervical spine. Three patients were treated using the single anterior procedure, 2 patients using the combined anterior and posterior procedures, and 10 patients using the posterior procedure. The mean operative time for the 15 cases was 4.2 h (range, 2.5-6 h), and the mean blood loss was 1240 mL (range, 760-2200 mL). Details of the demographic and surgical characteristics of patients are shown in Tables 1  and 2 .
The mean follow-up period was 12.5 months (range, 3-26 months). All the patients presented with neck pain before the operation. This pain was substantially relieved in 93.3% (14/15) of the patients after the operation, mainly attributable to the adopted fixation techniques. Symptoms of myelopathy were presented in 13 (86.7%) patients, improved in 9 (69.2%) of them, and remained unchanged in 4 (30.7%). None of the patients had deteriorating conditions after the surgery. The VAS and JOA scores showed improved clinical outcomes, from 7.86 AE 1.72 and 11.13 AE 2.19 preoperatively to 2.13 AE 1.40 and 14.26 AE 3.03 postoperatively, respectively ( Table 3 ). The VAS scores remained low during the whole follow-up period ( Table 3 ). The mean survival time was 9.5 months (range, 5-26 months).
The incidence rate of complications was consistent with existing literature. An increased risk of the injury of superior laryngeal nerve is associated with upper cervical tumors, which occurred in 2 cases and recovered within 2 to 4 weeks after the operation. Dural tear occurred in 1 patient and was repaired during the operation. Pulmonary infection occurred in 1 patient and was resolved with intravenous antibiotic therapy. Wound infections, instrumentation failure, or postoperative death did not occur. None of the patients required revision surgery during the follow-up.
Illustrative Cases
Case 1
The patient was a 51-year-old woman with neck pain dating back to 3 months before the discovery of the cervical tumor. Four years preceding the discovery of the cervical tumor, the patient was operated for breast cancer. After admission, X-ray, CT, and MRI images were obtained. CT scans indicated extensive osteolytic destruction of the C2 vertebra and the laminae. MRI showed vertebral lesions and a soft tissue mass.
The patient underwent posterior tumor resection and internal fixation. The removed tumor was sent for pathological analysis, which confirmed breast cancer ( Figure 1 ).
Case 2
The patient was a 47-year-old man with neck pain dating back to 6 months before the discovery of the cervical tumor. X-ray, CT, and MRI images were obtained for diagnostics. Preoperative CT and MRI showed bone destruction and a soft tissue mass surrounding the C3/4 vertebra. After detailed examination and complete preparation, the patient underwent combined anterior and posterior tumor resection and internal fixation. Pathological analysis of the tumor sample revealed a gastrointestinal tract tumor (Figure 2 ).
Case 3
The patient was a 43-year-old man with neck pain that lasted for 1 year and aggravated in the last 2 months before the discovery of the cervical tumor. Physical examination revealed weakness and numbness of the left limbs. X-ray, CT, and MRI images were obtained. CT scans showed extensive osteolytic destruction of the C2/3 vertebra. The MRI scan showed vertebral lesions and a soft tissue mass extending from C2 to C3. After complete preparation, the patient underwent posterior tumor resection and posterior internal fixation (Figure 3) . 
Case 4
The patient was a 77-year-old man with a neck pain that lasted for half a year and aggravated in the last 2 weeks before the discovery of the cervical tumor. No neurological deficits were detected upon physical examination. X-ray and CT images were obtained. The CT scans showed extensive osteolytic destruction and collapse of the C3 vertebra. After complete preparation, the patient underwent anterior tumor resection and internal titanium plate fixation (Figure 4 ).
SYSTEMATIC LITERATURE REVIEW Review Strategy and Study Selection
A review of the literature was performed using MEDLINE, Embase, and OVID to search articles published between January 2005 and October 2015. The search terms included cervical spine, cervical cancer, palliative, metastatic/metastasis, and operation/surgery. The inclusion criteria for the search were papers written in English concerning the patients with upper cervical spine metastases. The exclusion criteria were articles written in a language other than English, which included studies of cases with cervical primary cancer or cases with no extractable specific data.
Summary of the Literature Review
The following data were extracted from the literature according to the inclusion criteria mentioned above. Finally, 6 articles describing 10 cases of metastasis to the upper cervical spine (Tables 4 and 5 ) were included. One of the patients was treated with combined anterior and posterior tumor resection and internal fixation, 1 patient was treated with only anterior operation, 4 patients were operated using posterior tumor resection and fixation, and the remaining 4 cases were treated with minimally invasive kyphoplasty. Among our cases and the literature reported cases, 56% of the cases (14/25) were treated with simple posterior cervical removal decompression and internal fixation, and 16% of the cases (4/25) were treated with anterior tumor resection and internal titanium plate fixation, both of which constituted 71% of the patients (18/25) . In contrast, only 12% of the patients (3/25) were treated with complex combined anterior and posterior surgery. In addition, the other 4 cases were treated invasively with kyphoplasty. Moreover, of the 25 cases, almost all patients displayed significant improvement in pain status after the operation.
DISCUSSION
Our findings showed a significant improvement in our ability to surgically treat patients with painful upper cervical spine metastases. Once an upper cervical spinal metastasis is diagnosed, it is impossible to cure it indefinitely while improving the quality of life. Nevertheless, it should still be treated with palliative surgery to relieve pain, decompress the spinal canal, and stabilize the cervical spine, thereby increasing the life expectancy of the patient while improving the quality of life.
As reported in the literature, only 10% of the patients with cancer will exhibit symptomatic spinal metastasis, 22 ,23 with a 17% prevalence for the cervical spine, compared with the 64% for the lumbar spine. 24 However, upper cervical spine metastasis is almost limited to case reports, representing <1% of all the spinal metastases. 25, 26 The main symptom of the upper cervical metastases is neck pain (90%), followed by neurologic deficits (50%). [27] [28] [29] The patients presented with nonmechanical neck pain and/or radical pain of the shoulders, especially worsening at night. Along with the performance-related improvements in medical care and prolonged life span, the diagnosis rate for spinal metastases has increased. 30 General treatments for cervical spinal metastasis include nonsurgical therapy and surgical treatments. Nonsurgical methods for the treatment of cervical spine metastasis include radiotherapy, chemotherapy, and biotherapy, which were proven to be successful treatments; however, they could not stabilize the unstable cervical spine. 31 Therefore, reconstructive surgical intervention is necessary for the treatment of a patient with spinal instability that causes extensive osteolytic lesions. The surgical management of cervical spine tumors is determined by the type of the tumor, the compartment involved, the extent of the lesion, the presence of signs and symptoms, and the patients' health status. Generally, surgical options include palliative and curative methods. If the disease is a primary tumor, a curative surgical procedure is suggested (i.e., en bloc resection). 32 In contrast, metastatic tumors are usually treated with palliative surgeries. 33, 34 En bloc resection of the vertebra involved and the surrounding structures with negative margins can lead to the achievement of satisfactory clinical outcomes and decreased metastatic recurrence. [35] [36] [37] At present, en bloc resection is the standard procedure for thoracic and lumbar primary tumors; however, it is difficult to remove cervical tumors using this method, because of the special structures of the VAs and the intricate bony architecture. Radical operation for upper cervical spinal metastasis is usually unsuitable, because the operation risk increased and the patients' survival rate could not be improved. In addition, because of these factors, as well as longer operative times, high rates of perioperative morbidity, and high risk of postoperative recurrence and metastasis, this procedure is not suitable for the management of upper cervical metastases.
The existing literature on the role of palliative surgery for the management of cervical spine metastasis is limited. Palliative surgical management of upper cervical spinal metastases includes tumor resection and internal fixation, single neurologic decompression, and vertebral body reinforcement. For cervical metastatic cancer, surgical indications are intractable neck pain, progressive neurologic deficits, and spinal instability. The vertebral column is the most frequent location of metastatic involvement and bears nearly 80% of the axial load of the cervical spine; therefore, anterior decompression and stabilization of the cervical spine is a good surgical approach. 10 The goals of surgery are to relieve pain and restore neurologic function. Kyphoplasty is a recently developed minimally invasive spine surgery technique, which has been extended to vertebral compression fractures, hemangioma, and osteolytic metastasis of the spine with highly satisfactory results. [38] [39] [40] [41] According to the literature, highly satisfactory results have been achieved for the diseased vertebra below T5. [40] [41] [42] In recent years, kyphoplasty has been introduced as a method of treatment for the cervical spine with the advantages of quick pain relief and timely spinal stabilization. In the upper cervical spine, this procedure is challenging for the surgeon to control using the anterolateral, posterolateral, translateral, and direct transoral approaches. [43] [44] [45] [46] [47] [48] Indications for kyphoplasty include painful vertebral metastases without spinal instability, and spinal cord and spinal nerve root compression. Therefore, the purpose of the operation is to stabilize the cervical spine and relieve intractable pain.
The surgeon must be aware of the risks and benefits of the surgical methods used in the treatment of the upper cervical spine malignancies, and pick the correct surgical technique to avoid complications and optimize clinical outcomes. As our results indicated, only 12% of the patients were treated using the combined anterior and posterior approaches to remove the 
